Purpose In total hip arthroplasty (THA) the use of a polyethylene (PE) insert with a hooded rim can be considered to reduce dislocation risks. This benefit has to be balanced against the potential introduction of impingement of the femoral component on this rim. We present a case series of early acetabular revisions for excessive PE wear and acetabular bone defects from overuse of such a hooded rim insert. Material and methods Twenty-eight patients with 34 consecutive early acetabular revisions were evaluated on failure mechanism. One type of implant was used in all cases. Standard pelvic radiographs and pre-operative CT scans were used to quantify PE wear, implant positioning and acetabular bone defects.
Introduction
Total hip arthroplasty (THA) is one of the most frequently executed orthopaedic procedures [1] , inducing relief of pain and improving patient's mobility [2] . Its high success rate and instant hip function improvement go along with increased expectations, however dislocations remain a feared complication by both patients and the surgeon [3] . Hooded rim inserts for the acetabular component are available for several brands and claim to improve stability and reduce dislocation risks. Intra-operatively this hooded rim of the polyethylene (PE) insert can be positioned where the femoral head tends to dislocate during flexion, endorotation and adduction of the hip. Most surgeons choose a posterior approach and these rim inserts are then positioned in a 7 to 11 o'clock position or a 1 to 5 o'clock position for a right or left-sided hip arthroplasty, respectively. Considering their stabilizing effect the use of these devices may thus be appealing to the operating surgeon. On the other hand, it has to be noted that with these hooded inserts a potential new source of prosthetic impingement is introduced by the leveraging effect from the femoral component [4] . This typically accounts for exorotation and extension movements of the hip in otherwise well positioned implants. The forces created between the metallic femoral neck and the acetabular insert rim augment the release of PE debris. Few studies have reported on this mechanism of enhanced PE debris due to impingement [5] [6] [7] .
After a relatively small rural hospital had been incorporated into our larger regional teaching hospital a relatively high early acetabular revision rate, due to increased PE wear and pelvic bone defects, was encountered in the series of a retired surgeon. Standard use of hooded rim inserts in otherwise well positioned acetabular components appeared to be an important causative factor for the encountered PE wear and subsequent pelvic bone defects. We report on a consecutive series of these early cup revisions with acetabular bone impaction grafting to emphasize that hooded rim inserts are appealing as stabilizing devices; however, surgeons should be aware that they also have a down-side.
Material and methods
From December 2010 to September 2013 a total of 34 consecutive acetabular revisions were performed and retrospectively analysed for PE wear, pelvic bone defects and failure mechanism. In all cases the same acetabular (Lamella cup with a Lamella hooded Sulene PE-insert; Zimmer, Warsaw, Indiana, USA) and femoral (Emeraude stem and Protasul-S30 head; Zimmer, Warsaw, Indiana, USA) component had been used at the index procedure.
The primary total hip arthroplasties (THAs) were performed by a single surgeon, not involved in the study, through a posterior approach. All acetabular revisions were performed by an experienced hip revision surgeon (>100 implants/year) through a posterior approach using a bone impaction acetabular reconstruction. The indication for acetabular revision was PE wear with or without pelvic bone defects and recurrent dislocation in all cases.
Patient demographics are summarized in Table 1 .
Radiographic analysis
Standardized standing anterior-posterior (AP) pelvic radiographs were available in all patients both directly after the primary THA implantation and at their latest follow-up prior to the acetabular revision surgery. Pelvic radiographs were calibrated against the femoral head component with a 28-mm diameter. Radiographic measurements were executed using Philips Easyvision with an extended Ortho-toolbox (Fig. 1) . The cup inclination was measured as the angle between the horizontal transischial line and the line bisecting the superior and inferior parts of the acetabular metal lamella cup (Fig. 2) . In addition, PE wear was measured on the latest pelvic radiograph using an digitalized technique modified from the method described by Livermore et al. [8] [9] [10] , a widely accepted method for 2D-wear measurement. This technique is based on the principle that normal loading of the polyethylene cup comes up the femoral shaft, along the femoral neck towards the lumbar spine. So it is normal to see slight thinning in the area of the weight bearing as the polyethylene moulds itself. Abnormal loading leads to pressure more lateral, resulting in polyethylene wear on the supero-lateral side, visible as an eccentric position of the femoral head in the cup [11] . PE wear was quantified by fitting a circle, which intersected with the cup edges, in the acetabular component. The centre of this outer circle corresponds with the original centre of rotation of the cup at the time of index surgery. Subsequently, a second circle is generated around the femoral head, whereby the centre of this inner circle represents the new centre of rotation of the cup at the time of latest follow-up. The distance between these two centres of rotation represents the two-dimensional degree of PE wear (Fig. 2) .
Pelvic CT scans prior to revision surgery were available in 26 out of 34 cases to visualize acetabular bone defects. These CT scans were also used to determine the anteversion of the acetabular component according to the method described by Mian et al. [12] (Fig. 1a) . The cup inclination was re-measured in the coronal plane as the angle between the horizontal interteardrop line and the line bisecting the superior and inferior parts of the acetabular metal lamella cup (Fig. 1c) .
The presence and extent of acetabular bony defects were measured in both the coronal and the transversal planes. The area of the acetabular bone defects was calculated in square millimeters by using Ortho-toolbox software (Fig. 1b, d ). To improve reproducibility, for each case and in each plane the CT slice representing the largest bone defect was chosen for surface measurements. A maximum bone defect on the transversal or coronal plane of more than 1000 mm² was labelled as severe, between 250 and 1000 mm² was moderate and mild when less than 250 mm².
All CT scans and pelvic radiographs were assessed by two independent observers (DG and RS) and interobserver reliability for the radiographic measurements was calculated.
Correlation and statistical analysis
Data was processed in SPSS (SPSS Inc. Chicago, IL, USA) for statistical analysis. The parameters measurements on AP pelvic radiograph and CT scanning were normally distributed 
Results
Thirty-four acetabular revisions in 28 patients were evaluated. A right-sided acetabular revision was performed in 20 cases and 19 were male. No femoral component revisions were performed since all stems appeared to be well fixed at time of revision. Pelvic standardized radiographs were available for evaluation in all cases, and 26 cases also had a CT scan available; three CT scans were excluded for measurement of implant positioning and bone defects due to profound artifacts which made proper evaluation impossible. Patients' mean age at time of the primary THA was 54 years (28-72) and the mean acetabular implant survival at time of revision was ten years (1.3-20.4) ( Table 1) .
Radiographic analysis
A cup inclination of 46°(range 37-65°) was measured on pelvic radiographs. This inclination was confirmed by re-measurement on the available CT scans with 45°( range 39°-57°). The anteversion of the acetabular component was 25°(range 8°-45°) on CT scan. On the pelvic radiographs a total mean PE wear of 2.0 mm (0.0-7.0) was calculated according to the method described (Fig. 2) . This overall PE wear could be calculated towards a mean PE wear per year of 0.24 mm (0.0-1.17).
The maximum surface of the acetabular bony defect measured 352 mm² (range zero to 1107) in the coronal plane and 369 mm² (range zero to 1300) in the transversal CT plane. These bone defects were categorized as mild (<250 mm²; n=13), moderate (25-1000 mm²; n =7) or severe (>1000 mm²; n=3). In addition, in nine cases bone defects were also encountered on the femoral side in the trochanteric area. Since no stem revision was performed and the primary purpose of this study was to focus on the acetabular side we did not incorporate measurements of these additional bony defects on the femoral side in our evaluation. All radiographic parameters are summarized in Tables 2 and 3 . As for PE wear, cases could be divided in a high wear rate group with more than 0.20 mm/year (n=15) and a low wear rate group with less than 0.20 mm/year (n=19). PE wear rates per year did not correlate with the degree of encountered acetabular bone defects (mild/moderate/severe) with a Pearson correlation coefficient of 0.02 for the transversal plane and 0.164 for the coronal plane (p=0.12, Fisher's exact test) ( Table 3) .
Intra-operative findings
Intra-operative findings at the time of revision surgery were consistent in most cases. At all times a hooded PE insert (Lamella hooded PE-insert; Zimmer, Warsaw, Indiana, USA) had been used and profound PE rim damage had occurred from impingement of the femoral neck on this rim in exorotation and extension (Fig. 3) . The acetabular component could be removed relatively easily using the original introduction device. Behind the acetabular component mild to severe bony defects were encountered matching the pre-operative CT scan imaging. After debridement of these bony defects an acetabular reconstruction could be performed with impacted allograft chips followed by a cemented cup revision. Occasionally reinforcement meshes were used to create a contained defect prior to impaction grafting. In nine cases we also encountered bone defects on the femoral side in the trochanter area. These defects were also debrided and grafted with morselized bone allograft; all stems appeared to be well fixed and were left in place. The inter-observer variability (interclass correlation coefficient) for the radiographic measurements on CT scanning were 0.81, 0.73 and 0.96 (p=<0.001) for cup anteversion, cup inclination and acetabular bone defects, respectively.
The inter-observer variability for the AP pelvic radiographic measurements of PE wear and cup inclination were 0.87 and 0.92 (p=<0.001).
Distribution of individual variables (age, sex, weight, time to revision, component positioning and wear damage) were normal on histogram.
Discussion
An important objective in THA design is to maintain an adequate range of motion (ROM) and stability of the joint after implantation. The availability of modular acetabular components allows the surgeon to choose a plain or hooded acetabular liner for many implant types. These hooded rim options have become commonplace and are still widely used on a routine basis or in cases of intra-operative instability in up to 40 % [13] . The use of a hooded rim is appealing and supports the surgeon's desire to maximize hip stability. Few studies, however, report on disadvantages of the use of these stabilizing devices.
In our study a hooded acetabular PE insert had been used at the primary THA procedure in all cases. Excessive PE wear, typically from the hooded rim, was encountered during revision surgery in 34 consecutive cases (Fig. 3) . Only after revising multiple cases with this type of acetabular implant we could conclude that most PE wear originated from impingement on the elevated rim and to a lesser degree from the articulating surface. Pre-operative radiographs revealed an eccentric position of the femoral head within the cup together with acetabular bone defects in a relatively large number of patients, which subsequently triggered our attention. Since the PE insert with hooded rim is not visible on radiographs initially, we felt an inferior PE was most likely to be the causative factor.
On the pre-operative pelvic radiographs a mean polyethylene wear of 2.0 mm was measured at a mean follow-up of ten years. These values were calculated towards a mean wear rate of 0.24 mm per year which is acceptable within the upper range of normality [14] ; a wear rate greater than 0.20 mm yearly is considered to be extensive. In our series 19 cases had less and 15 cases more than 0.20 mm wear yearly ( Table 3 ). The fact that the measured PE wear on the pelvic radiographs (mean 0.24 mm/year) was in the high range, though not extensively high, combined with the absence of a significant correlation between this PE wear and the extent of acetabular bone defects, supports our belief that the vast majority of PE wear in this series originated from impingement on the hooded acetabular insert rim. Besides the profound PE wear from the hooded insert (Fig. 3) , it cannot be ignored that PE wear was also present from the eccentric position of the femoral head in the cup and thus from the articulating bearing. The experienced annual wear rate of the articulating PE of 0.24 mm (0.00-1.17) is still relatively high and higher than one would expect for the Sulene PE (ultrahigh-molecular-weight polyethylene) used in this insert [15] . It is possible that the leverage of the femoral component on the hooded rim caused forces and peak stresses also on the articulating insert resulting in accelerated wear patterns. Moreover, when impingement on the rim occurs, repetitive motion between the metal shell and PE insert may facilitate the spread of PE wear particles between the PE insert and the inner surface of the acetabular shell [16] . The central fixation opening at the bottom of the metal shell used in this study (Fig. 3c ) may facilitate release of PE wear particles behind the acetabular shell, subsequently initiating the observed bony erosions from a macrophage reaction, also referred to as 'particle disease' and backside wear. Literature is still inconclusive regarding fixation openings accelerating backside wear [17] [18] [19] , but there is literature available where this type of opening is recognized as a potential key hole through which PE wear particles can be pressed behind the acetabular component [20, 21] . In more modern acetabular devices these openings are therefore closed with a cap.
Studies on disadvantages of the use of hooded acetabular inserts are scarcely available. Krushell et al., for example, already concluded that when the shell is not malpositioned, a hooded insert does not provide greater ROM or significantly improves stability [22] . Only in cases of acetabular shell malpositioning an optimally oriented hooded insert appeared to improve stability. Besides the potential benefit of improving stability in malpositioned acetabular shells the authors also described disadvantages such as damage from high loads and impingement on these unsupported polyethylene rims. Furthermore, the authors state that the beneficial effect of a hooded insert is sensitive to the exact positioning of the hooded rim and relocation of the prosthesis is more difficult once dislocated. The prevalence and contributing factors of insert impingement in 162 retrieved components of different THA designs has also been described by Shon et al. [13] . In their series impingement of the polyethylene hooded rim occurred in up to 92 % of the hooded acetabular components.
Given the fact that there is a paucity of literature on potential disadvantages of overuse of hooded inserts our series is exceptional since it reflects the consequence of standard use of these stabilizing implants. However, the retrospective nature of the study and the fact that only 34 consecutive patients are reported on are important limitations. In addition, implant positioning is known to be an important factor in determining a possible (contra)indication for a hooded insert and this could only be determined adequately on CT scanning in 23 out of 34 patients. On the other hand, pelvic radiographs supported implant positioning within acceptable ranges in all patients, which was subsequently confirmed for both planes when CT scanning was available [3, [23] [24] [25] . Furthermore, PE wear could only be measured from the actual bearing surface according to a widely used method first described by Livermore et al. [8, 9] ; whereas most PE wear appeared to originate from impingement on the hooded rim which was not visible on plain radiographs. In order to assess the total amount of PE wear from the hooded rim all retrieved damaged acetabular cups should have been retained and analysed accordingly. Since the structural mechanism of failure was only recognized after a number of acetabular revisions, we unfortunately did not retrieve all acetabular components to measure the exact polyethylene debris due to rim impingement. For that reason we can only provide data from the recorded intra-operative established hooded rim damage as described in all cases by the operating surgeon.
In conclusion, we report on an exceptional series of early acetabular revisions for accelerated PE wear and pelvic bone defects where standard use of a hooded rim acetabular insert at the index primary THA was identified as causative factor. In well positioned implants surgeons should be aware that component impingement with concordant complications may be introduced when using these stabilizing devices. Hooded rim inserts are appealing, however their use should be reserved for selected cases where implant malpositioning is suspected. Standard use in primary THA should be avoided.
